
This material is based upon work supported by the U.S. Department of Energy Office of Science under Cooperative Agreement DE-SC0000661.

Michigan State University designs and establishes FRIB as a DOE Office of Science National User Facility in support of the mission of the Office of Nuclear Physics.

Shen Zhao (zhaos@frib.msu.edu)

Nathan Usher, Dan Morris, Zhihong Zheng

Application of Active Disturbance Rejection Control 
in Superconducting Radio Frequency Cavities

Low Level RF Workshop 2013

mailto:zhaos@frib.msu.edu


Previous Results on Microphonics Mitigation

More on Active Disturbance Rejection Control (ADRC)

ADRC Applications at FRIB/NSCL

• Beam Loading

• FPGA Implementation

• Tuner Control

• ReA3 Vibration Test

Outline
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Application of ADRC at NSCL
• Spring 2010

• Narrow bandwidth and sensitive to vibrations

• ReA3 is on the balcony and the vibration is severe

First Application of ADRC in SFR Cavities
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Demonstrated the effectiveness 
of ADRC [Vincent, 2011]

• Two times improvement in 
simulation (top)

• Four times improvement in tests 
(bottom)

• Running on ReA3 since Jan. 2011

Previous Results
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Proposed by Prof. Han in 1998 [Han 2009]

• Treat external disturbance and system uncertainty as the total disturbance

• Estimation the total disturbance using an extended state observer (ESO)

• Cancel it in the controller

Other Similar Methods

• Unknown Input Observer

• Disturbance Observer

• Perturbation Observer

(only deal with external disturbance)

Active Disturbance Rejection Control
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ADRC Formulation - A Simple Example
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Parallel RLC Circuit Model

Approximation

SRF Cavity Model
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Algorithm

• System

• Observer

• Controller

ADRC Design for SRF Cavity
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Estimation of y

Estimation of f



Microphonics
• Ground vibration;

• Pumps: Helium pump, vacuum pump, etc.

 Lorentz Force

Beam Dynamics
• Beam loading;

• Beam current variation.

Others
• Hysteresis in piezo tuner;

• Non-linearity in solid state amplifier.

Disturbances in SRF Cavities
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Amplitude Response

Results under Beam Loading
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0.28%

0.039%



Phase Response

Results under Beam Loading
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FPGA Implementation [Zhao 2013]
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 To increase the sampling rate

• Potential performance improvement
» Observer bandwidth can be further increased;

• Expands the working range of the SEL
» 1/12 of the sampling rate [Zhao 2011];

» Currently around 4 KHz (50 KHz in DSP);

No processor planned in LLRF controller (long term)

• ADRC algorithm has to go into the firmware;
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A Comparison between Fixed-point and Floating-point Algorithms

Simulation Results
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 LLRF Controller PED 1

ReA3 L088, Dec. 2012

Hardware Test Verification
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 Fast Piezoelectric Tuner

• Hysteresis compensation [Goforth 2012]

Tuner Control
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ADRC

Hysteresis



Simulation Results
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ReA3 Vibration Test
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Disturbance Rejection Characteristics of the 
ADRC Controller
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Filtered Data
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Questions
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Thanks for your attention!
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